A summary of the latest experimental results in heavy flavour physics is presented.
Preliminaries
Heavy flavour physics has seen enormous progress over the last decade or so, primarily through the successes of the "B factory" experiments, BaBar [1] and Belle [2] , complemented by several notable achievements by the CDF [3] and D0 [4] experiments based at the Tevatron. Most recently the LHC experiments have taken on the mantle of producing world leading results in this field (and others); the LHCb [5] experiment in particular is breaking new ground in beauty and charm physics, while ATLAS [6] and CMS [7] also have notable b physics components to their programmes.
It must be acknowledged that the successes of the experiments is a direct consequence of the excellent performance of the accelerators:
• PEP-II delivered 433 fb −1 of e + e − collisions at the Υ(4S) resonance to BaBar, plus additional data at other energies;
• KEK-B delivered 711 fb −1 of e + e − collisions at the Υ(4S) resonance, and 121 fb −1 at the Υ(5S) resonance, to Belle, plus additional data at other energies;
• the Tevatron delivered 12 fb −1 of pp collisions at 1.96 TeV to each of CDF and D0;
• during 2011, the LHC delivered 1.2 (6) fb −1 of pp collisions at 7 TeV to LHCb (each of ATLAS and CMS), and by the time of CKM2012 the 2012 run of the LHC had added 1.5 (15) fb −1 of 8 TeV pp collisions to these respective data samples; additional pp collision data has been delivered at other energies.
In order to exploit maximally these unprecedented data samples requires novel detector and innovative analysis techniques. It is impossible to do justice to the wide range of developments in this area in a single sentence, but as a brief sample of important breakthroughs: the particle identification capability provided, e.g., by the BaBar DIRC detector [1] , neural network based event reconstruction as used at Belle [8] , trigger algorithms that enable heavy flavour physics measurements at hadron colliders by exploiting the displaced vertex signature [9, 10] and silicon detectors to precisely determine the vertex position, such as the LHCb VELO [5] .
CP violation must exist in nature in order to generate the baryon asymmetry of the Universe. Table 1 lists the channels where CP violation has been observed to date. The list has become longer over the past few years, and only recently has the first observation of CP violation in a charged particle decay [13] been achieved. There is still no 5σ measurement of CP violation in the B 0 s sector, or in the charm sector, or in any baryon decay, or in the lepton sector. Clearly, there remains much to investigate. 
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−0.12 [22] [23] [24] [25] [28, 29] , S D + D − = −0.98 ± 0.17 [30, 31] , [30, 31] , [13, [37] [38] [39] The determination of sin(2β), where β is the angle of the CKM Unitarity Triangle, provided a spectacular confirmation of the KM scheme [40, 41] . The latest (and, excluding upgrades, most likely final) results from BaBar [18] and Belle [19] shown in Fig. 1 give a clear visual confirmation of the large CP violation effect. Further improvement in precision is still needed, and therefore it is encouraging that LHCb has presented its first results on this channel [42, 43] . The quantum correlated nature of the B mesons produced in Υ(4S) → BB decays can in addition be used to make novel tests of quantum mechanics [44] [45] [46] [47] . Recently, the BaBar collaboration has extended its sin(2β) analysis to demonstrate that T is violated, as well as CP , in the B 0 → J/ψ K 0 system (but CP T is conserved, as expected) [48] .
Direct CP violation has been established for several years in both kaon [49] [50] [51] and B [52, 53] sectors. However, recently new observations have been made of very large, near maximal, direct CP violation effects. The LHCb collaboration has reported preliminary studies of the variation of CP asymmetries across the Dalitz plots of B + decays to the three-body final states 56] , revealing regions of phase space where the direct CP violation effect appears to be in excess of 50 %. Detailed studies will be necessary to understand the origin of these effects. Perhaps of even greater interest is the possibility of CP violation in the charm system, which is already bounded to be small, but is (at least, naïvely) expected to be much smaller in the SM. However, several measurements [57, 58] now point to non-zero direct CP violation effects in the charm system, specifically in the difference in CP violation between D 0 → K + K − and D 0 → π + π − decays, with the world average being ∆a dir CP = (−0.68 ± 0.15) % [15] . The emerging consensus (reviewed in Ref. [59] ) is that an effect of this size is unlikely in the SM, but could in principle be generated by QCD corrections. Improved measurements of the CP violation effects in several decay channels are needed to resolve the situation. These measurements must aim at per mille level precision, and will be challenging experimentally.
A similar challenge is faced in the B sector, where the possibility of anomalous CP violation in mixing has been raised by a measurement by D0 [60] of the inclusive same-sign dimuon asymmetry, which is 3.9σ away from the SM prediction (of very close to zero [61] . The green ellipse comes from the D0 inclusive same-sign dimuon analysis [60] ; the blue shaded bands give the world average constraints on a d sl and a s sl individually; the red ellipse is the world average including all constraints [15] .
The Unitary Triangle
Many of the most important results in heavy flavour physics can be depicted as constraints in the so-called CKM Unitarity Triangle, that visualises the unitarity relation between the first and third columns of the CKM matrix. The constraints include measurements of the angles and lengths of the sides of the triangle. 1 Although other similar triangles can be formed (see, e.g. Ref. [66] ), they are not so intimately related to the experimental programme. Illustrations showing these constraints, particularly those produced by the CKMfitter [67] and UTfit [68] collaborations shown in Fig. 3 , have become icons of the field.
The golden channel measurement of sin 2β from B 0 → J/ψ K 0 S decays provides one of the strongest constraints, giving β = (21.5 [15] . BaBar and Belle have also obtained complementary measurements of β using decays involving the quark-level transitions b → ccd and b → qqs. Several updated and improved measurements have become available recently [22, [31] [32] [33] 69] , so that CP violation effects are now established in these decay processes (see Tab. 1). The tensions that existed in the data some years ago have been alleviated, and all measurements of β are consistent within their current uncertainties.
Progress on the measurement of the angle α has been somewhat slower in recent years, although new and improved inputs to the isospin analyses in ππ [26, 70] UTfit [68] .
world average, α = (88.5
is dominated by the constraints from the ρρ system, where some parameters come from only a single measurement, and others are in slight tension. Improved measurements, in particular of B → ρρ decays, are necessary to ensure that the determination is under as good control as suggested by the uncertainties.
The precision on the third angle of the Unitarity Triangle, γ, determined from B → DK and related decay processes, has stubbornly refused to go below the 10 • level despite great efforts from BaBar and Belle [73, 74] . The latest combinations from each experiment give (BaBar) γ = (69 • [77] . However, with precision measurements of some of the relevant observables now available (enabling the first 5σ observation of CP violation in B → DK decays [13] ), it appears that this barrier may soon be broken. Indeed, the LHCb collaboration, combining results from B → DK processes [13, 78, 79] [80, 81] . Further improvement can be expected as more data and more decay modes are added into the combination.
The use of B → DK decays provides a theoretically clean determination of γ, since only tree-level diagrams are involved. As such it can be considered a SM benchmark. Measurements of γ from charmless B decays, however, can be affected by extensions of the SM due to the loop diagrams involved, but tend to suffer from larger hadronic uncertainties. A perennial question for CKM workshops is therefore how to extract clean weak phase information from charmless hadronic B decays, without losing the ability to probe beyond the SM. Several new ideas have appeared recently in the literature [82, 83] .
Experimentally, new data on direct CP violation in B (including B 0 s ) decays to Kπ are available [26, 36, 84, 85] , and the "Kπ" puzzle, namely the difference between the amount of direct CP violation in B decays to K − π + and K − π 0 , persists. Improved measurements of the B 0 → K 0 S π 0 CP violation parameters are necessary to test the isospin sum-rules that provide clean tests of the SM [86] . While these must wait for data from Super B factories to become available, progress on U-spin and flavour SU(3) based tests of the SM using B 0 s → K + K − can be expected with promising first results from LHCb already available [87] .
As mentioned above, other triangles can be constructed based on the unitarity of the CKM matrix. One of them is particularly relevant to the B 0 s sector, and its angle β s (in analogy to β) can be determined using b → ccs transitions. Measurements of β s are now available from CDF [88] , D0 [89] and ATLAS [90] 2 using B 0 s → J/ψ φ decays and from LHCb using both B 0 s → J/ψ φ [91, 92] and J/ψ π + π − [93] decays. These results, summarised in Fig. 4 (left Fig. 4 (right) ), while not confirming the hints of a large anomalous effect that were present in previous measurements. The lengths of the sides of the Unitarity Triangle are determined from measurements of the magnitudes of CKM matrix elements: |V cb | and |V ub | through tree-level decays; |V td | and |V ts | through loop-dominated processes. The latter have to date been mainly constrained from the neutral B meson oscillation frequencies ∆m d and ∆m s [43, 100, 101] , but loop decays such as B → ργ and B → πµ + µ − can also be used to probe |V td | (with corresponding b → s transitions probing |V ts |). Since the B + → π + µ + µ − decay has now been observed [102] , further tests of the SM using these processes become feasible.
Constraints on |V ub | are obtained from both inclusive and exclusive processes, which have been in some tension for several years (as indeed have results on |V cb |). Among the exclusive modes, the πlν channel has been studied in detail using a variety of experimental techniques [103] [104] [105] [106] [107] ; a recent compilation is shown in Fig. 5. a Results extracted from the average partial branching fractions for restricted q 2 ranges and for the full q 2 spectrum (Table 4) (65) is shown in Figure 6 . For k max = 2, the fit has four free parameters: the coefficients a k , where k = 1 or 2, and a norm = τ 0 |V ub |, which determines |V ub | from the relative normalization of the data and LQCD predictions. This fit yields an average value of Simultaneous fit to the differential B 0 → π − � + ν � decay rate (solid points; vertical bars represent the total experimental uncertainties) measured by BaBar (15) and Belle (65) and to 4 (closed triangles) of the 12 points (all triangles) of the lattice quantum chromodynamics (LQCD) prediction (54) with estimated, highly correlated uncertainties. The function has 3 + 1 free parameters: the coefficients a k , where k = 1 or 2, and a norm = τ 0 |V ub |. The shaded band marks the uncertainty of the fitted function (solid curve). The LQCD results are rescaled to the data according to the value of a norm obtained in the fit. An average of these numbers has a χ 2 (probability) of 3.0 (0.003). The origin of the discrepancy is not understood, and so the uncertainty is scaled by √ 3 to give
Better understanding will be needed to reduce the uncertainty. A complementary determination of |V ub | can be made from the leptonic decay B + → τ + ν, using as input the lattice QCD calculation of the B + decay constant. Such a measurement is sensitive to extensions to the SM, such as models containing charged Higgs bosons. Previous results had shown a deviation with the prediction based on the CKM fit, but the latest result from Belle [111] reduces the tension to below the 2σ level. It should be noted that the signals for B + → τ + ν [111] [112] [113] [114] are individually below the 5σ threshold usually demanded for discovery, further indicating that claims of a non-SM excess were premature.
Another channel that is sensitive to potential effects of charged Higgs bosons is B → D ( * ) τ ν. These four decays (B + or B 0 to final states containing D or D * ) are all now observed with above 5σ significance [115, 116] , with the latest results giving an excess above the SM prediction at 3.4σ significance [116] . 3 Moreover the pattern of the excess in Dτ ν and D * τ ν is inconsistent with that expected in the simplest model containing charged Higgs bosons, the (type II) two-Higgs doublet model [117] . This demands further experimental investigation.
Rare decays
The two most common generic arguments in favour of a continued experimental programme in quark flavour physics are (i) there must be new sources of CP violation that may manifest themselves in the quark sector (through measurements such as those discussed above); (ii) precise measurements of "rare decays", i.e. processes that are suppressed in the SM, are sensitive to physics beyond the SM at scales that can exceed those that can studied at the energy frontier. Both of these remain strong arguments, although it must be recognised that neither constitutes a guarantee of discovery in any particular experiment. In addition, the recent measurement of a large value of the lepton mixing angle θ 13 [118, 119] suggests that the observation of CP violation in neutrino oscillations may become a reality within the next decade or so. This provides a "best before" date for the CP violation-based argument. On the other hand, the observation of a Higgs-like particle by ATLAS [120] and CMS [121] , and the non-discovery of any non-SM particle, somewhat strengthens the argument for precision probes of rare processes (including CP -violating processes) that are sensitive to physics at high scales.
The archetypal flavour-changing neutral-current decay is the b → sγ transition. The rate has been measured to be consistent with the SM prediction [122] within ∼ 10 % uncertainty, but further studies remain worthwhile, and new results are becoming available for both inclusive [123, 124] and exclusive decays [125] . In particular, improved measurements of CP asymmetries and of the polarisation of the emitted photon will help to constrain, model-independently, the phase space of extensions to the SM.
The B → K * µ + µ − decay provides an excellent laboratory to test the SM, via precise measurements of the Wilson coefficients in the operator product expansion of the effective weak Hamiltonian. Recently new results have become available from BaBar [126] , CDF [127] and LHCb [128, 129] . The latest LHCb analysis has the smallest uncertainties, and allows for the first time a determination of the zero-crossing point of the forward-backward asymmetry, q 2 0 = (4.9
, consistent with the SM prediction [130] [131] [132] . A compilation, including also results from Belle [133] is shown in Fig. 6 . However, there is still a long road to the final goal of a full angular analysis of B → K * µ + µ − decays. [129]), as functions of the dimuon invariant mass squared. The data points are compared to the SM expectations [134] .
The highest profile results in heavy flavour physics must certainly be those on the B 0 s → µ + µ − decay. This decay is suppressed in the SM due to three effects: the absence of tree-level flavour-changing-neutral currents, the CKM factors, and the V-A structure of the weak interaction (helicity suppression). Many extensions to the SM break at least one of these factors -of particular interest is that models with extended Higgs' sectors (such as SUSY) may break the helicity suppression. This can potentially lead to large enhancements of the branching fraction over the SM prediction [135] , which is precisely known, in part due to the good control over the lattice QCD calculations which are used as inputs (as reviewed, e.g. in Ref. [59] ). 
"Bread and butter" measurements
In any summary of a wide range of experimental results, it is natural to focus attention mainly on "golden channels". However, by doing so it is possible that the importance of making improved measurements of other, less glamorous, observables can be overlooked. It should be stressed that such measurements are an integral part of the overall programme. Indeed, very often the most highly cited results depend directly on input from other measurements.
An excellent example comes from the B 0 s → µ + µ − analysis: in order to measure the absolute branching fraction of any B 0 s decay, it is necessary to know the relative production rates of B 0 s and B 0 mesons, denoted as f s /f d . Then the branching fraction can be measured relative to that of a well-known B 0 (or B + , isospin symmetry is assumed) decay -typically B + → J/ψ K + is used . Measurement of f s /f d [141, 142] , however, relies on knowledge of absolute branching fractions of charmed hadrons, in particular of B(D + s → K + K − π + ). This value is currently known to 5.1 % precision [143] , and future measurements of B(B 0 s → µ + µ − ) will be limited at this level unless improved results become 4 While these proceedings were in preparation, the LHCb collaboration announced the first evidence for the B available. Therefore it is very encouraging that a new preliminary result on B(D + s → K + K − π + ) is available from Belle (as a spin-off from the measurement of B(D + s → τ + ν) [144] ). This is just one example of the large impact that "bread and butter" measurements can have. Other examples include lifetime and mass measurements. It should also be remembered that discoveries may appear in unexpected places.
Summary
Sometime Cincinnati resident Mark Twain once wrote, "The most permanent lessons in morals are those which come, not of booky teaching, but of experience." This can be interpreted as encouragement for the experimentalist. To summarise, then, the following (hopefully) permanent lessons have been learned:
• The foundation of accelerator-based physics is, of course, excellent performance by the accelerators.
• Investment in detectors and techniques brings rewards.
• Interesting effects could be big ...
-but they may be very small, so be prepared to be precise, -it seems like there are no O(1) deviations from the SM.
• Clean theoretical predictions are to be treasured ...
-but in their absence, data-driven methods to control uncertainties are to be valued.
• 3σ effects seem to often go away, but 5σ effects seem to stay ...
-nevertheless, investigating anomalies is worth the effort, and is sure to result in something being learned (whether about physics, systematics or statistics).
• Bread and butter measurements provide an essential appetiser to the feast of interesting observables that heavy flavour experiments can study.
• New physics just might be around the corner ...
-so there is plenty to look forward to in heavy quark physics in the coming years [145, 146] .
Whether or not these lessons have taught us any morals must be left to CKM2014. 
